Acute kidney injury (AKI) is a common and serious complication that is associated with several adverse outcomes in hospitalized patients. Serum creatinine is widely used in diagnosing the presence of AKI, but it is a lagging marker of change in kidney function, with poor sensitivity. Thus, different urinary and serum proteins have been intensively investigated as possible biomarkers for early diagnosis of AKI. AKI is a complex process, and biomarkers could be used for different roles at different stages. In addition to facilitating early diagnosis, AKI biomarkers can provide valuable insight into risk stratification for the vulnerable patients. Furthermore, biomarkers could also function as molecular phenotyping tools that could be used to guide clinical intervention. However, the effective use of biomarkers requires an understanding of their strengths, limitations and individual performance characteristics. This manuscript will review the role of a variety of biomarkers in AKI management, and discuss how they can be used in current clinical practice.
THE ROLE OF BIOMARKERS IN AKI RISK STRATIFICATION
Susceptibility to AKI is the result of multiple interactions and risk factors. Due to lack of effective treatments for AKI, supportive care is the mainstay of therapy and prevention of AKI is paramount. Understanding an individual's AKI risk profile may offer the opportunity for prevention or early intervention. Patients with chronic liver disease/hepatic failure, hypertension, diabetes, and advanced age are at high risk of AKI if exposed to sepsis, nephrotoxins or cardiopulmonary bypass. Effective risk stratification to identify these patients is essential.
Several AKI risk prediction scores and kidney-specific scoring models have been developed and validated in the setting of cardiac surgery; however most of these scores fail to predict milder forms of AKI. The currently available risk scores used to predict AKI are often not sensitive or specific enough to identify high-risk individuals, and poorly predict the AKI progression. Recently, the risk stratification of AKI has been evaluated and refined by the use of functional and damage biomarkers. These candidate biomarkers were identified based on the AKI pathophysiology. Creatinine is a functional marker, a surrogate for changes in the glomerular filtration rate, which often occurs late in the course of AKI. Injury biomarkers can detect AKI up to 12 to 66 hours before increases in serum creatinine, and predict those patients who are most likely to develop AKI even before an inciting event. Subclinical AKI is marked with a lack of change in serum creatinine, but with changes in structural nephron damage biomarkers.
Cardiac surgery is one of the main risk factors for AKI, due to the ischemic kidney insult during cardiopulmonary bypass. cystatin C performed better than serum creatinine at predicting the risk of AKI, but the urinary cystatin C did not yield similar results.
Risk stratification of AKI [3] is important for acute decompensated heart failure (ADHF). For predicting intrinsic AKI on the first day of intensive care unit (ICU) admission, a combination of serum cystatin-C and urine kidney injury molecule-1 (KIM-1) yielded an excellent area under the receiver operating characteristic curve, with high sensitivity and specificity. In patients with ST-segment elevation myocardial infarction (STEMI), undergoing primary percutaneous coronary intervention, urinary neutrophil gelatinase-associated lipocalin (NGAL) and cystatin C at presentation were predictive of AKI. In addition, high serum levels of these biomarkers were associated with an elevated risk and a more advanced stage of AKI. Combining urinary NGAL with a novel creatininebased metric, both available soon after the completion of surgery, may provide previously unavailable early and effective risk stratification for serious adverse outcomes after cardiac surgery.
Urinary insulin-like growth factor binding protein (IGFBP) 7 and tissue inhibitor of metalloproteinase (TIMP)-2 were found to be increased in the urine of patients at high risk of AKI from a variety of etiologies. [4] These markers could be useful in clinical practice to detect subclinical episodes of AKI, or to make an early identification of patients at risk. 
THE ROLE OF BIOMARKERS IN EARLY DIAGNOSIS OF AKI
Conventional diagnosis of AKI depends on oliguria and the rise of serum creatinine level, both of which can be delayed markers of kidney damage. Delayed diagnosis of AKI in the critically ill patients is related to increased morbidity and mortality, prolonged length of stay, and cost escalation. There are promising candidate biomarkers that reflect kidney and tubular function, detect an early and graded increase in tubular epithelial cell injury, and distinguish prerenal disease from acute tubular necrosis (ATN).
NGAL, detectable in the urine as early as 3 hours after renal injury, shows promise as a biomarker to help diagnose early AKI. NGAL has been tested in multiple studies of patients at risk for AKI due to sepsis, cardiac surgery, exposure to contrast media, or after renal transplantation. In these studies, the average sensitivity and specificity of NGAL measured one to three days prior to AKI diagnosis was 76 and 77 percent respectively, for cardiac surgery patients, and 73 and 80 percent respectively, for patients admitted to the ICU. [5] In a prospective study of patients undergoing cardiac surgery, each of the biomarkers urine cystatin C, NGAL, KIM-1, alpha glutathione S-transferases (α-GST), and pi-GST demonstrated the ability to diagnose stage 3 AKI at various postoperative time points. [6] Preoperative KIM-1 and alpha-GST predicted the development of stage 1 and stage 3 AKI. KIM-1 was very useful in differentiating ATN from other forms of AKI. Other potential biomarkers for diagnosis of AKI include proteomics, microRNAs, urinary tubular enzymes, and urinary low-molecular-weight proteins. Further studies are needed to clarify the role of these markers.
Biomarkers in conjunction with clinical judgment may be ideal for determining the likelihood that a patient will develop AKI in the next 24 hours. A clinical model of renal angina index (RAI) has been developed to identify which critically ill patients would be at the greatest risk of development of AKI. [7, 8] Renal angina is a model that uses patient demographic risk factors and clinical context in addition to early signs of injury such as oliguria or fluid overload to develop a practice to identify patients at high risk for AKI. The identification should heighten the vigilance in monitoring of kidney function and give a signal to the care providers to use tactics to improve renal outcomes by increasing kidney perfusion and avoiding nephrotoxins. [9] RAI has high negative predictive value to rule out AKI. When biomarkers were combined with the RAI, either individually or in pairs, the predictive performance for diagnosis of AKI improved significantly (AUC 0.80 RAI alone, increased to 0.84-0.88; P <0.05 for each). In addition, the AUC for a single measurement of [IGFBP7]·[TIMP-2] to predict AKI at 12 hours was 0.82 (95% CI: 0.76-0.88) for biomarkers alone and 0.86 (95% CI: 0.80-0.90) when biomarkers were combined with clinical variables. [10] The furosemide stress test (FST) can be used for the purpose of evaluating tubular integrity and nephron function in the absence of a kidney biopsy. This combined serial testing, including initial testing with a strong negative predictive value (e.g., renal angina, biomarkers, etc.) followed by a more selective testing technique with higher positive predictive values (e.g., biomarkers, FST, etc.) could improve the diagnostic value for AKI. [11] 
THE ROLE OF BIOMARKERS IN AKI INTERVENTION
Biomarkers may be useful in selecting patients who might benefit from various treatment modalities for AKI. Clinicians can use these biomarkers to determine which patients might be candidates for novel therapeutic strategies intended to improve kidney outcomes. Remote ischemic preconditioning (RIPC) with upper-arm blood pressure cuff inflations prior to surgery was used to prevent or decrease ischemic reperfusion induced AKI in patients for cardiac surgery. In those who had an increase in [TIMP-2]·[IGFBP7] after RIPC and prior to cardiopulmonary bypass, the incidence of AKI was reduced compared to those who did not have elevated cell cycle arrest biomarkers. [12] This suggests that increases in biomarkers may be used to predict which patients will respond to RIPC, a potential therapeutic intervention for the prevention of AKI. The important differences that exist between biomarker-positive versus biomarkernegative individuals may dictate a predicted response to the therapy. [13] The measurement of urinary angiotensinogen could play a role in identifying patients with AKI who are likely to develop CKD, and could potentially benefit from the renin-angiotensin system (RAS) blockade. [14, 15] Biomarkers may also be able to guide the decision making for the initiation of renal replacement therapy (RRT) in patients with AKI. Selected studies demonstrated that NGAL, cystatin-C, NAG, KIM-1, and a1-microglobulin had the potential to distinguish patients in whom RRT will be needed. This would imply that these biomarkers may be integrated into clinical decision algorithms, and could synergistically improve current ability to initiate RRT early. [16, 17] However, published studies have many recognized limitations, which preclude the ability to adapt their findings into clinical practice today. While the currently available data are not sufficient to conclude that biomarkers should be used routinely for clinical decision making for RRT initiation, additional data may in the future significantly modify the clinical variability for initiation of RRT, and potentially translate into improved outcomes and costeffectiveness. A potential approach to future biomarker strategies for RRT initiation, integrating these biomarkers with traditional clinical factors, has been proposed.
Biomarkers could be used to exclude those participants who are at low risk for an outcome, to enrich the study population sampled, and therefore increase the event rate during clinical trials. Using biomarkers to aid in the selection of a higher-risk patient group for a study could lead to a focus on those more likely to benefit from an intervention. [18, 19] In the recent ELAIN trial, KDIGO classification combined with plasma NGAL (>150 ng/dL) was used to randomize patients for early versus late RRT. Similarly, the use of enrichment is also important clinically since efforts to improve clinical outcomes will be most effective when focused on the highest-risk groups. [20] 
THE ROLE OF BIOMARKERS IN AKI PROGNOSIS
The ability of biomarkers to predict AKI progression to chronic kidney disease (CKD) or renal recovery has been investigated. Proteinuria and microalbuminuria, the classical markers of CKD progression, have been used and validated for the progression of AKI to CKD. KIM-1, NGAL, and urinary cystatin C could play a role in the prediction of renal recovery. The role of biomarkers including NGAL, KIM-1, and nephronectin (NPNT) in the recovery process has been studied, but it has not reached the point of widespread clinical implementation. The activation of RAS has long been recognized as an important contributor to chronic renal injury. Urinary angiotensinogen has been proposed as a marker of intrarenal RAS activity, and it is predictive of progression of CKD. Information regarding specific biomarkers of renal repair or progression is scarce but growing.
Many studies have established an association between AKI biomarkers and short-term outcomes defined by need for RRT, prolonged hospitalizations, and death. The TRIBE investigators have demonstrated that the highest tertile of peak urinary NGAL, IL-18, KIM-1, LFABP, and albumin was independently associated with a 2.0-to 3.2-fold increased risk for mortality compared with the lowest biomarker tertile. Preoperative and postoperative plasma NGAL were associated with long-term outcomes such as 3-year mortality rates. A [TIMP-2] · [IGFBP7] value greater than 2 (ng/mL) 2 /1,000 was associated with increased mortality or a need for renal replacement therapy over the next 9 months. Measurement of urinary angiotensinogen may allow the prediction of severe AKI and other adverse outcomes in ICU. The combination of urinary angiotensinogen and renin predicts the progression to very severe disease in patients with early AKI after cardiac surgery. NGAL was useful for predicting renal recovery, defined as being alive, not requiring dialysis during hospitalization or having a persistent RIFLE-F classification at the time of hospital discharge.
In conclusion, traditional parameters provide some guidance for the diagnosis of AKI but early, more sensitive, affordable, specific, clinically acceptable, biomarkers of AKI are also needed. As the development of proteomics, metabolomics and basic biological understanding of AKI progresses, more and more novel biomarkers will be identified. The combination of biomarkers indicating kidney dysfunction and damage is likely to have higher sensitivity and specificity. Although many candidate biomarkers have been identified, the validation in different settings of AKI, the development and testing of rapid assays and the development of a panel of biomarkers are necessary before they are used clinically.
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